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EFFECT OF SCREENS IN REDUCING DISTORTION AND
DIFFUSION LENGTH FOR A. "DUMP" DIFFUSER

AT A MACH RUMBER OF 3.85%
By Joseph F. Wasserbauer

SUMMARY

An investigation of the effect of screens in e dump-type diffuser
was conducted in the ILewis 2- by 2-foot supersonic wind tunnel at a free-
stream Mach number of 3.85. The results of this test indicated that a
slanted half screen of 0.4l solidity, positioned 0.263 inlet dismeter from
the cowl lip, would permit shortening the subsonlc diffuser from approxi-
mately 1.25 to 0.4l inlet dliameter wlth sbout a 2-percent loss in pressure
recovery. The resulting distortion at low diffuser-exit Mach pumbers was
approximately 8 percent. Results of an analysis of this inlet screen con-
figuraetion, evaluated on a range basis, are presented.

INTRODUCTION

As flight altitude increases, keeping alrframe structural weight to
a minimum becomes increesingly important. For engine nacelles, the sub-
sonic portion of the diffuser is one component for which weight reductions
are posslble. For example, reference 1 shows that an inlet employing an
sbrupt area change, or "dump," at the entrance to the subsonic diffuser
could be competitive with other current designs with respect to pressure
recovery and drag. However, reducing the subsonic-diffuser length to less
than 1.25 inlet diameters resulted in excessive flow distortion.

References 2 and 3 indicate that screens or grids can be used to
reduce distortion in & duect. Therefore, an investlgation was undertaken
in the Lewis 2- by 2-foot supersonic wind tunnel to evaluate the effec-
tiveness of various screen conflgurstions in reducing distortlon and thus
making further shortening of the diffuser possible.

The model used in this investigation is the same as that discussed
in reference 1l; performance characteristics in terms of flow distortion,
mass flow, pressure recovery, and loss in pressure recovery are presented
with and without screens st a free-stream Mach pumber of 3.85 and zero
angle of attack. Also presentFjiNam @&?Aﬁhﬁ&f an anelysis, made by

Title, Confidentiagl Jj



2 - oS NACA RM ES8C19
_"-
Lt et

- wryr

the method of reference 4, of the weight }eduction required to compensate
for the screen pressure loss obtained with the best screen configuration.

SYMBOLS

The following symbols are used in this report:

D diameter of-cowl 1lip (4.75 in.)

L longitudinal distance from cowl lip

M Mach number

m/ho exlt mass-flow ratio

P total pressure

PmaxP' Pmin flow-dlstortion parameter

av

AP total-pressure loss across screen measured at station 7(4.0
inlet diam)

r/h ratic of radius to individual total tubes in rake to inside
cowl radius

Subscripts:

av numerical average

max maximum

min minimum

X individual tubes of rakes 1 and 2

9] free-stream conditions

APPARATUS AND PROCEDURE

The experimental invesilgatlion was conducted in the lewls 2- by 2-
foot supersonic wind tunnel at a free-stream Mach number of 3.85 and zero
angle of attack. The model is essentlally the same as that reported in
reference 1. The inlet configuration and details are shown in figure 1,
which lncludes a table llsting the various model stations with the corre-
sponding locations in inlet diameters from the cowl lip. (In this
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report, screen and rake locatlons also are deslignated in terms of inlet
diameters.) A flush-slot bleed gep set at 0.140 inch was employed at the
throat. The bleed slr was vented to the free stream through the hollow
sting and support struts. In order to prevent laminar separetion on the
spike, tip roughness was used to cause a turbulent boundery layer.

Since only zero-angle-of-attack data were taken, axisymmetrie flow
was assumed ln the diffuser. Therefore, in order to measure distortion,
two additlonal total-pressure rakes were used. These rakes were positioned
at 0.316 and 0.684 inlet dlameter, 180° apart but not in line with the
existing strut and mass-flow raskes. The survey rake at 0.316 inlet diem-
eter could be moved to elther 0,410 or 0.484 inlet diameter when slanted
screens were used and was slways positioned 0.25 lnch downstream of the
screens. The survey rake at 0.684 inlet dlameter was fixed throughout the
investigation. :

In this investigation, three screen solidities were used: (l) 0.22
solidity of mesh 6 and 0.02-inch wire, (2) 0.29 solidity of mesh 8 and
0.02-inch wire, and (3) 0.41 solidity of mesh 10 and 0.023-inch wire.

The solidity is defined as the area ratio of the projected solid parts or
elements of the screen or grid to the total area. A photograsph of the
three solidities of screens mounted at 0.263 inlet diameter perpendlcular
to the flow direction is presented in figure 2. Also investigeted were a
full and & half screen of 0.41 solidity, slanted 30° to the flow direction.
The locations of these screens relative to the splke and cowl lip are shown
in figure 3. The slanted half screen (fig. 3(b)) occupied 60.2 percent of
the projected cross-sectional annular area. Both screens were positioned
at 0.263 inlet diameter on the inner periphery of the cowl, a&s shown in
Tigure 1.

The mass flow through the diffuser was varied by remotely controlling
the exit plug (fig. 1). The exit mass flow was calculated by use of the
continuity equation, measured static pressure at 4.00 inlet diameters, and
calibrated sonic discharge. Pressure recovery was based on an average of
24 total-pressure tubes located 4.00 inlet diameters from the cowl lip
(fig. 1). Flow distortion was measured the total-pressure rakes along
the duct and is presented as (Pmax - Ppin /?av for each rake station.

The total-pressure loss due to screens was measured at the exit rake, 4.00
inlet diemeters, for all screen configurations. This rake was used becsduse
of 1ts complete over-all total-pressure survey and low distortion for all
exit Mach numbers.

RESULTS AND DISCUSSION
Inlet performance without screens (fig. 4) resulted in a pesk pressure

recovery of 42 percent at a mass-flow ratio of 0.76. The distortion curves
indicate excessive distortion at 0.316 and 0.684 inlet diameter and
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comparatively little distortion at 1.525 and 4.00 inlet diameters. As &
result, the diffuser length for reasonable distortion levels should be
between 0.684 and 1.525 inlet dlameters. In reference 1, this length was
determined as approximately 1.25 inlet dismeters. 8Since the distortione
at—1.525 and 4.00 inlet diameters are rather low with no screens present,
the remalning figures of this report present distortion data only from
surveys at 0.316, 0.410, 0.484, and 0.684 lnlet diasmeter.

The effect of screen solidity on distortion for screens perpendlcular
to the flow direction is shown in figure S{a). For this series of screens,
pressure surveys were taken at 0.316 and 0.684 inlet diameter. Comparison
of the distortion levels for the three screens tested indicates that the
0.41-801idity screen exhibited the best reduction in distortion at both
0.316 and 0.684 1lnlet diameter. However, the total-pressure loss of the
0.41 screen was the highest of the three screens.

The totel-pressure proflles for the three screen configurations are
compared with the no-screen configuration in figures 5(b) and (c). With
no screen in the diffuser, the high-veloclty air is located around the
outer periphery at both 0.316 and 0.684 inlet dlameter. At 0.316 inlet
diameter, this high-velocity alr is gradually reduced and shifts towerd
the centerbody with increasing screen solidity. However, flow separatlon
still persists at the centerbody. At 0.684 inlet dlameter, the pressure
profile of the 0.41-s0lidity screen indicates that the high-velocity alr
shifts gradually to the centerbody as diffuser-exit-Mach number is de-
creased., For the other screens, this shift does not occur until the
diffuser-exit Maech number goes below 0.160. "In general, the 0.41-solidlidy
screen had much better profiles and lower level of distortion than the
other perpendicular screens.

Since the 0.41-so0lidity screen exhibited the best distortion reduc-
tion, an effort was made to reduce the pressure loss associated with this
screen., To esccomplish this, the 0.41-s0lidity screen was slanted 30° to
the flow direction, a method employed in references 2 and 3. The results
obtained from slanting the screen are presented in figure 6. The datg of
figure 6(&) indicate that the pressure loss was reduced slightly at the
higher exit Mach numbers. In comparing the distortion levels (fig. 6(a)})
of the two screens, slanted and perpendicular, the slanted screen was more
effective in reducing distortion at 0.684 inlet diameter. However, only a
relative comparison can be made on the lower dlstortion figure because of
the different survey stations (0.484 and 0.316 inlet dism) used with the
slanted and the perpendicular screens. The total-pressure profiles of
figures 6(b) and (c) show the effectiveness of the slanted screen on the
high-velocity alr located on the outer periphery of the cowl. With the
slanted screen, little or no separation 1s encountered at the centerbody
for the 0.484-1inlet-diameter statlon. A slight separation off the outer.
periphery for 0.684 inlet diameter is indicated for the lower exit Mach
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numbers. The profiles at 0.684 1nlet dlameter are gbout the same for the
slanted screen as for the perpendicular screen.

In a further effort to reduce the total-pressure loss for this sereen,
a slanted half screen of the same solidity was employed with the idea that,
slnce the high-velocity-air region 1s located on the oubter periphery, the
portion of screen close to the centerbody may not be needed. This screen
occupied 60.2 percent of the projected cross-sectlional annuler area of the
duct. The results are presented in figure 7. Again, only & relastlve com-
parison of distortion (fig. 7(a)) can be made between the slanted full
and half screens because of the different survey stations (0.484 and 0.410,
respectively). However, data indicate that the slanted half screen is
nearly as effective in reducing distortion as the slanted full screen, with
a lower loss in pressure recovery. At the low diffuser-exit Mach numbers,
the distortion for the slanted half screen is gbout 8 percent at a station
0.41 inlet diameter from the cowl lip. The pressure profiles of figures
7(b) and (c) indicate that the slanted half screen is about as effective
in leveling out profiles as the full slanted screen.

Reference 1 shows that the diffusion length required with no screens
was approximately 1l.25 inlet dlameters. Employing the slanted half screen
of 0.41 so0lidity reduces this diffusion length to aspproximately 0.41 inlet
diameter. In order to evaluate any gains realized by the use of screens,
an analysis was made of the weight savings required be shortening the
diffuser) to compensate for the loss in pressure recovery due to the
screen. These calculatlions, using the method and assumptions listed in
reference 4, were made for a ramjet-interceptor-type and a bombardment-type
missile at a free-stream Mach number of 3.85.

To evaluate the over-all effectiveness of the best screen configura-
tion, the performance of the screen and the no-screen configurations should
be compared at the same inlet mass-flow ratio in order to have the same
external drag. Figure 8 presents the inlet pressure recoveries of the
0.41-s0lidlity slanted half-screen and the no-screen configurstions as a
function of mass-flow ratio. When the two pressure recoveries are
compared at the same mass-flow ratic {fig. 8), the loss in pressure re-
covery caused by the screen i1s greaster than when compared at the same
diffuser-exlt Mech number, as in figure 7(a). The difference 1n pressure
recovery at the same mass-flow ratio 1s about 2 percent, which represents
the loss across the screen since the inlet conditions are the same.

For this analysis, the inlet operating point for maximum range was
determined by the method of reference 4 with the ald of figure 8; this
point was located at a mass-flow ratio of 0.800. At this condition, with
a loss in pressure recovery of 0.018 caused by the screen, & reduction of
2.5 percent of engine weight is required for an interceptor ramjet missile
for the same range as without the screen. For the bombardment ramjet
missile at the same inlet conditions, a reduction of sbout 8.5 percent of
the engine weight is required.

—,
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It has been demonstrated that the use of screens can result in short-
ening the diffuser by 0.84 inlet dismeter. For a typical ramjet engine
heving an over-all length-diameter ratio of 6, this represente 1l4_percent
of the engine length. Thus, reducing the engine weight by at least the
calculated percentages of 2.5 and 8.5 percent would appear to be feasible.

SUMMARY OF RESULTS

In an investigation of screens in a dump-type diffuser at a free-
stream Mach number of 3.85, the followlng resulte were obtalned:

l. The subsonic diffuser can be shortened to aspproximately 0.41 inlet
dlameter by locating a screen as close as 0.263 inlet diameter to the cowl
lip.

2. The 0.41-solidity slented half screen located around the outer
periphery was more effective than the full screens.

3. The best screen configuration gaeve distortions of about 8 percent
for the low diffuser-exit Mach numbers at approximately 0.4l inlet dlam-
eter, with only about 2-percent loss in pressure recovery.

4., Use of screens in reducling diffuser length was shown to be feasible
if over-all engine welght can be reduced by approximately 2.5 percent for
the interceptor missile and 8.5 percent for the bombardment missile.

Lewls Flight Propulsion Laboratory
Netional Advisory Commlittee for Aeronautics
Cleveland, Chio, March 21, 1958
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(b) Inlet with scresns slanmted 30 to flow.

Figure 1. - Model detsils. (A1l dimemsions in inches.)
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(e) solidity, 0.22.

0.29.

(b) Solidity,

(a) solidity, 0.41.
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Figure 2. - Perpendiculer screens showing three golidities.
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(a) Full screen.

Flgure 3. -~ Bereen of 0.41 solldity slanted 500 to flow directiom,



(b) Half screen.

Figure 3. - Concluded. BScreen of 0.41 solidity slanted 30° to flow directicn.
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{a) Flow distortion, mass-flow ratio, and total-
pressure loss.

Filgure 5. - Effect of screen sclidity of full
screens perpendicular to flow directlon.
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(e) Total-pressure profiles, survey rake 2 (0.684 inlet diam).

Flpgure 5. ~ Conoluded.

Effeat of gg¢reen Bolidity of full screens perpendleular to flow direction.
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Figure 6. - Effect of slanting screen 30° to flow direction.
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(¢) Total-pressure profiles, survey rake 2 (0,684 inlet diam).

Filgure 6. - Concluded. Effect of slanting screen 30° to flow direction. Screen solidity, 0.41.
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(a) FPlow diamtortion, mass-flow ratio, and total-
pressure loss.

Filgure 7. - Effect of half and full screens slanted
30° to flow direction. Secreen solldity, O.41.
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Effect of half and full screens slanted 30° to flow direction, Screen solidity, 0.41.
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no-screen and O.41l-solidity, slanted
half-screen configurations.
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